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Before the Bridge 


Following the arrival of the First 
Fleet under Governor Arthur Phillip in 
January 1788, the first years of the em- 
bryo colony at Sydney Cove were pri- 
marily occupied with the fight for 
survival. However, settlement soon 
began to spread, mainly to the west 
and south. 

The first attempt to settle the north 
shore was in 1794 and although the soil 
was found to be generally too poor for 
successful farming, some isolated 
settlements were established. 

In 1817 emancipated convict and Ja- 
maican negro, Billy Blue, was granted 
32.3 hectares on what became known as 
Blues Point. The Point was connected 
by cart track with the few residences in 
the area and Billy Blue—soon to be nick- 
named “The Old Commodore’’— 
established the first ferry service 
carrying goods and passengers to and 
from Millers Point in a rowing boat. 

In 1842 a paddle-wheel steam punt 
began a regular vehicle service between 
Dawes Point and Blues Point, though 
not at first successfully. It was during 
the 1840s that the North Shore was sub- 
stantially settled and took on the 
character of “dormitory” suburbs 
whose residents mostly worked in 
the rapidly developing city across 
the harbour. 

Reasonable road links between the 
central business and social centre of the 
city and the northern suburbs were not 
established until the 1880s. The first 
Gladesville Bridge over the Parramatta 
River was opened in 1881 and Fig Tree 
Bridge over the Lane Cove River was 
completed four years later. The route 
became known as "travelling by the five 
bridges", because of the structures 
which were crossed at Fig Tree, Glades- 
ville, Iron Cove, Glebe Island and Pyr- 
mont. Compared with an earlier even 
more circuitous way via Parramatta 
this route reduced the road distance 


between North Sydney and Sydney to 
20 kilometres. 

While continuing developments 
made road transport easier on this 
route, it was still not an attractive alter- 
native to the many ferries which 
crossed the Harbour in a fraction of the 
time. In 1890 Sydney Harbour ferries 
carried 5 million passengers, 378,500 
vehicles and 43,800 horsemen. Revenue 
from this patronage amounted to 
£45,000. 

With the steady increase in settle- 
ment on the North Shore, particularly 
with the opening of the railway be- 


tween Milsons Point and Hornsby in 
1890, ferry patronage continued to 
grow. In their heyday, Sydney's har- 
bour ferries carred enormous numbers 
of passengers. In 1928, the total was 46 
million, but this slumped to only 20 
million in 1933—the year after the Syd- 
ney Harbour Bridge was opened. 

The need for a future Harbour cross- 
ing was apparent in the early 1900s and 
planning began in earnest for the ex- 
pected expansion of Sydney's popu- 
lation and area. 

The idea of a bridge over the harbour 
was, however, far from new. 
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Milsons Point ferry wharf in the early 1920s. 


From Greenway 
to Bradfield 


Francis Greenway (an ex-convict 
like Billy Blue) was the architect of 
some of Sydney's most historic build- 
ings, many of which remain standing 
impressively to this day. Greenway 
bears the distinction of being the first 
person to seriously propose a bridge 
across the harbour. In a report to Gover- 
nor Lachlan Macquarie in 1815, Green- 
way advocated a link northwards across 
the harbour from Dawes Point. Unfor- 
tunately, his suggestion was not ac- 
companied by any plans. 

It was not until 1857 that the first rec- 
orded drawing of a harbour bridge ap- 
peared. It was prepared by Peter Hender- 
son, a Sydney engineer who had served 
his apprenticeship in the workshops of 
George Stephenson, British industrial- 
ist and early designer of steam trains. 


Speculation on the varied possibili- 
ties of crossing the harbour continued 
over the years. In 1878 the Com- 
missioner for Roads and Bridges, Wil- 
liam Bennett, announced that he 
favoured a pontoon bridge to carry ve- 
hicles, passengers and, if necessary, a 
railway train. 

In the following year (1879) T. S. Par- 
rott provided sketches for a seven span 
truss bridge to cost £450,000. His 
scheme was not considered by the gov- 
ernment, which had entered into nego- 
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Dawes Point, showing the old fort which was demolished to make way for the Bridge. 


tiations to build a £850,000 structure, as 
proposed by J. E. Garbett, acting on be- 
half of a company. In 1881, agreement 
was reached and the State Government, 
under Sir Henry Parkes, accepted a 
£5,000 security from Garbett. After a 
change in government, the scheme was 
scrapped in 1882 and the deposit re- 
turnedbefore any work had commenced. 

Bridge fever was now growing in 
Sydney and supporters were flocking to 
the cause. It is claimed that Sir Henry 
Parkes won the St. Leonards seat in the 
Parliament of New South Wales by 
basing his campaign on a promise to 
have a bridge constructed. 

The year 1883 saw Sir John Fowler 
produce plans for a suspension bridge 
to cost £400,000, but nothing came of 
this scheme either. Two years later the 
first definite proposal for a tunnel was 
put forward. Developed by a Mr. C. 
O'Neill and a Mr. Gipps, it was planned 
to be financed by the government. 

The tunnel versus bridge controversy 
was now to rage in earnest. Over the 
years, numerous tunnel and bridge 
schemes were proposed, most of them 
being extremely grand and extremely 
impractical. 

One of the most unusual ideas was 
the plan to cut a canal from the head of 
Neutral Bay to Lavendar Bay, and then 
bridge this canal on the high land near 
Walker Street, North Sydney. The rock 
excavated from the canal would be used 


to fill in the harbour from Dawes Point 
to Milsons Point. 

As the colony's centennial ap- 
proached in 1888, Sir Henry Parkes, 
once again Premier, was urged to build 
a bridge as a way of celebrating. In 1890 
Parkes appointed a Royal Commission 
to inquire into a harbour crossing. The 
commission investigated eight 
schemes, including bridges, tunnels and 
combinations of the two. 

The findings of the Royal Com- 
mission, made available in 1891, show- 
ed that a crossing was not necessary at 
this stage. However, the Commission 
significantly added that, if a crossing 
was found necessary in the future, it 
should be accomplished by means of a 
high level, single span bridge. 

From 1896 to 1899 four separate pri- 
vate members' bills for construction of 
either a bridge or a tunnel were pre- 
sented to State Parliament. All were re- 
jected or lapsed following a change in 
government. Sir John Sulman was re- 
sponsible for the presentation of plans 
for a tunnel and Messrs. B. O. Simpson 
and W. Kenwood designed bridges. 

In 1900, the Minister for Public 
Works, Mr. E. W. O'Sullivan, per- 
suaded his cabinet colleagues to invite 
competitive tenders for a harbour cross- 
ing. After mature consideration, all 24 
schemes submitted were rejected, but, a 
year later, an Advisory Board was 
appointed and new tenders were called. 
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SYDNEY HARBOUR BRIDGE. 
Appendix 1.— Sketches of Designs submitted, 30th Sept., 1900. 
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Some of the designs received when tenders were called for a harbour crossing in 1900. 


Twelve proposals were received and, 
after two years' deliberation, the Board 
recommended in 1903 that a tender 
from Messrs. J. Stewart and Co. be ac- 
cepted for a cantilever bridge from 
Dawes Point to McMahons Point, at an 
estimated cost of £1,940,050. Fortu- 
nately for Sydney, another change of 
government resulted in the scheme 
being dropped. Subsequent investi- 
gations showed the location was unsuit- 
able and the structure was likely to have 
been a menace to navigation. 

In May 1908, there was yet another 
'Royal Commission, this one recom- 
mending subways as the best practical 
method for road and rail crossings. 
Once again, change in government 
halted further investigations. 

The first steps which led directly to 
the construction of the present bridge 
were taken in July 1911, when the Hon. 
W.A. Holman, Acting Premier, announ- 
ced that Cabinet had decided on a 
bridge for tramway, vehicular and ped- 
estrian traffic and a subway for rail traf- 
fic. 

The proposals were referred to a 
special inquiry by the Public Works 
Committee. John Job Crew Bradfield, 
then Principal Designing Engineer in 
the Department of Public Works, ad- 
vised that a bridge and subway would 
not be suitable and advocated a single 
span bridge. Subsequently, Bradfield 
was given permission to prepare coun- 
ter proposals. 

It was Bradfield more than any other 
person who was to provide the enthusi- 
asm and endurance which saw the plan- 
ning and construction of a bridge 
through to reality. Bradfield's ability 
was such that he was appointed Chief 
Engineer, Sydney Harbour Bridge and 
Metropolitan Railway Construction in 
1912, before an actual scheme had been 
agreed upon. 

In July 1913, the Parliamentary 
Standing Committee on Public Works 
recommended his scheme for bridging 
the harbour with a cantilever structure 
from Dawes Point to Milsons Point. 
The report did not rule out the possi- 
bility of an arch or suspension bridge. 

In 1914, Bradfield travelled overseas 
through Great Britain, Europe and 
North America to investigate the latest 
methods in long span bridge and under- 
ground railway construction. It was 
during this trip that he studied the fab- 
rication and erection methods for the 
Hell Gate Bridge in America, an arch 
which bears a marked similarity, 
though on a smaller scale, to the later 
Sydney Harbour Bridge. War broke out 
prior to Bradfield's return and (follow- 
ing his report in February 1915) an en- 


Crowds fill Circular Quay as the morning ferries arrive (1928). 


abling bill was introduced into Parlia- 
ment in 1916. However, the bill was to 
be twice passed by the Legislative As- 
sembly and twice rejected by the Legis- 
lative Council before being passed with 
substantial amendments, six years later. 


In the meantime, after the calling of 
world-wide tenders for a cantilever 
structure in September 1921, Bradfield 
was sent overseas again in March 1922, 
this time to investigate prospective ten- 
derers for the new bridge. On this trip 
he asked the various firms interviewed 
if they would be prepared to submit 
tenders for the erection of an arch 
bridge if given the opportunity. Several 
firms expressed their willingness to do 
so, and on his return.to Australia in Oc- 
tober 1922, herecommended thatthe Act 
should include an arch bridge, as well 
as the cantilever style already proposed. 


Bradfield was apparently now con- 
vinced that a large scale arch bridge 
presented no insurmountable construc- 
tion problems and had economic and 
technical advantages, particularly for 


the curved north approach. He submit- 
ted a design and estimate and, after the 
Act received the Governor's assent on 
24 November 1922, the previous plans 
and specifications were withdrawn and 
new ones issued in January 1923. 

So, the Sydney Harbour Bridge Act 
of 1922 authorised, at last, the construc- 
tion of a bridge and its integration with 
the road and rail system on both sides 
of the harbour. 

Tenders were opened on 16 January 
1924 and revealed that six different 
companies had submitted 20 proposals 
for various types of design. Some pro- 
posals were virtual suspension bridges, 
not included in the specifications, with 
the tenderers referring to their entries 
as "inverted arches", in an effort to sur- 
mount this problem. 

One of seven tenders from Dorman 
Long and Co. Ltd. of Middlesbrough, 
England, was formally accepted on 
24 March 1924. The successful design 
was for a two-hinged steel arch bridge 
and the contract price was 
£4,217,721/11/10! 


Detail of an early bridge proposal. 


Design and Construction 


Design 

The Sydney Harbour Bridge is a 
steel arch of the two-hinged type. A 
steel deck hangs from the arch and five 
steel truss approach spans lead to each 
side of the arch. 

The arch is hinged at the base on each 
side of the harbour. These hinges, or 
bearings, support the full weight of the 
bridge and spread their load through 
large concrete skewbacks into a foun- 
dation of solid sandstone. They also 
allow the bridge to move when the steel 
expands or contracts. This movement is 
necessary to prevent the steelwork from 
fracturing or buckling as it warms and 
cools during the day. The arch may rise 
or fall 18 centimetres during extremes 
of temperature. Such extremes have 
been allowed for, as the structure can 
safely cope with temperature variations 
of 49°C and withstand winds of 200 
km/h. 

The bridge was originally designed to 
carry four rail lines, six road lanes and 
two footways. Its total capacity was esti- 
mated at 160 trains per hour, 6,000 ve- 
hicles per hour and 40,000 pedestrians 
per hour. The designed loading allows 
for totally congested road, rail and foot- 
ways. 

Of the steelwork in the bridge, 
almost 63 percent is required to hold up 
the dead weight of the bridge, 25 per- 
cent is required for the live load, 5 per- 
cent for wind pressure, 5 percent for the 
effect of temperature and 2 percent to 
allow for the effect of the braking of 
trains. 

While the arch carries the entire 
weight of both the bridge deck and all 
the road, rail and pedestrian traffic on 
it, the pylons are mainly decorative. 


They do not directly contribute to sup- 
porting the arch and deck, although 
their immense weight helps firm the 
foundations. The pylons are hollow and 
constructed of reinforced concrete. 
They are faced with granite to give them 
more visual appeal. 

The five approach spans on each side 
of the harbour are steel Warren type 
trusses, resting on concrete piers faced 
with granite. 

The responsibility for the design of 
the Sydney Harbour Bridge has often 
been oversimplified. It owes much to 
many men. 

As already mentioned, the general 
designs and specifications were drawn 
up by Dr. J. J. C. Bradfield, assisted by 
many officers within the New South 
Wales Department of Public Works. 
The accepted Dorman Long and Co. 
Ltd. tender for an arch bridge with abut- 
ment towers (pylons) was substantially 
in accordance with Dr. Bradfield's pro- 
posals. 

The detailed design and the crucial 
erection scheme for the bridge were 
prepared by the contractor's consulting 
engineer, Mr. (later Sir) Ralph Freeman, 
of Sir Douglas Fox and Partners, and his 
associate Mr. G. C. Imbault. The design 
of the pylons was undertaken by the 
Consulting Architects, Sir John Burnet 
and Partners of London. 

The final general design, including 
details of typical basic members of the 
structure and the erection scheme, were 
agreed upon in London in mid-1924, 
following discussions between Dr. 
Bradfield, Sir Ralph Freeman, Mr. G. C. 
Imbault and Mr. Lawrence Ennis, a di- 
rector of Dorman Long and Co. Ltd. 

The contractor and the consulting en- 


gineer maintained large staffs in 
England to carry out the detailed design 
work, computations and drawings. 
During the eight-year construction 
period, all their drawings and calcu- 
lations were checked and approved by 
Dr. Bradfield and his team of engineers 
and draftsmen in the New South Wales 
Department of Public Works. 


Starting Construction 

The ceremony of "the Turning of 
the First Sod" for the building of the 
bridge took place on the site of what is 
now North Sydney railway station on 
28 July 1923. The ceremony was per- 
formed before a final design was 
chosen. However, the clearing of land 
for the approaches and much of the ex- 
cavation for the foundations was com- 
mon to all designs. 

The British contractors, Dorman 
Long and Co. Ltd., maintained a large 
staff in Australia to carry out the fabri- 
cation of the steelwork and the erection 
of the bridge. Mr. Lawrence Ennis, a di- 
rector of the company, was responsible 
through the entire period of the contract 
for its successful undertaking. This in- 
cluded all the preliminary organisation 
required to design and equip the work- 
shops which were established at Mil- 
sons Point (for the fabrication of the 
bridge members). As with the design, 
all aspects of the construction of the 
bridge were similarly inspected, veri- 
fied and supervised by Dr. Bradfield 
and his team of engineers, on behalf of 
the State Government. 

The acquisition and demolition of 
properties was the first task under- 
taken. On the evening of 28 July 1924, 


December 1926 


traffic diversions and public transport 
changes were carried out to clear traffic 
from those streets and areas involved in 
the construction. The excavations for 
the foundations of the main bearings 
and approach span piers were commen- 
ced the following January. 

The foundations for the main bear- 
ings were quite important for they were 
to take the full weight of the main span. 
Dug to a depth of 122 m, the foun- 
dations (known as "skewbacks") were 
filled with concrete laid in special hex- 
agonal formations. Immediately under 
the main bearings, at the top of the 
skewbacks, special reinforcing and high 
grade concrete were used. The skew- 
backs are well founded in the solid 
sandstone that forms much of the har- 
bour's edge. 

The bearings themselves were an as- 
sembly of cast and forged steel weigh- 
ing 300 tonnes each. The bearings were 
placed using hydraulic jacks to align 
them exactly to plan and were then con- 
creted into place. The concrete was 
compacted by hand. 

As well as forming the foundations 
for the bearings, the skewbacks also 
formed the base of the abutment towers 
and pylons. The abutment towers are 
hollow and constructed of reinforced 
concrete. The base measure of each is 
68 m by 49 m. The total height to the 
top of the pylons is 87 m. Construction 
of the pylons above deck level did not 
commence until after the main arch had 
been joined and the supporting cables 
removed. 


The Approach Spans 

The erection of the approach spans, 
while posing no substantial problems, 
was a large project in itself. They were 
erected from the inshore ends towards 
the harbour. 


Five tonne steam locomotive cranes 
were used to erect temporary timber 
trestling, which in turn supported the 
steel approach spans during construc- 
tion. The five tonne crane moved along 
the timber work erecting each new sec- 
tion in front of it as it went. On reaching 
the location for the piers the crane 
would help in their construction before 


The laying of the foundation stone, 26 March 1925. 


moving on to build the next section of 
timber trestling. 

Following behind the smaller steam 
crane was a 25 tonne electric crane. This 
larger crane placed the actual steel span 
on top of the timber supports. As each 
span was completed the timber trestling 
was dismantled and re-erected in the 
next section. 

This procedure was repeated, work- 
ing towards the foreshores, until all five 
spans on each side of the harbour were 
completed. The ends of the fifth spans 
rest on their respective abutment 
towers. 


Granite Town 
The facing of the piers and pylons is 


of high quality granite. The granite was 
quarried near the New South Wales 
south coast town of Moruya, situated 
approximately 300 km south of Sydney. 

At the peak of production the quarry 
employed 250 workers, including many 
stonemasons brought out from Scot- 
land because of the shortage of avail- 
able masons in Australia. There were 
also many skilled Italian masons. To 
house these workers and their families, 
72 cottages were erected, as well as a 
store, post office, school and social hall. 
The settlement became known as Gran- 
ite Town. 

Altogether, 18,000 cubic metres of 
rock facing were required for the bridge 
project. Wastage from the quarry was 


September 1927 


a Li 


: " vii i! E 
p : 
^ 


crushed and used in the concrete for the 
bridge. 

Each stone was cut to size and com- 
pletely finished at the quarry, according 
to detailed sketch plans. Each stone was 
then numbered for fitting into place at 
the bridge site. 


The Harbourside 
Workshops 


To carry out the fabrication of the 
steelwork, the New South Wales Gov- 
ernment made available the site of the 
original Milsons Point railway station 
(the area later occupied by Luna Park) 
for the erection of Dorman Long and 
Co. Ltd.’s workshops. 

At the time, concern was expressed 
that the utilitarian workshops would 
probably remain to be a permanent 
blemish on the natural beauty of the 
harbourside. However, after govern- 
ment guarantees that the workshops 
would be demolished after the bridge 
was finished, these objections were 
withdrawn. 

Two main workshops were construc- 
ted, a "light" shop and a "heavy" shop. 
The light shop measured 40 m by 180 
m and had a smaller template shop (61 
m by 40 m) erected directly above it. In 
the light shop, four 25 tonne capacity 
cranes were installed along with smaller 
hoists and travelling cranes. 

As the name implies the "heavy 
shop" was used for the manufacture of 
the larger and heavier sections of the 
bridge. It measured 152 m long by 45 m 
wide and two 120 tonne capacity cranes 
were installed in it. 

Mr. Lawrence Ennis, Director of Con- 
struction for Dorman Long and Co. Ltd., 
described the role of the workshops: 

"Material was unloaded from 
steamers by our wharf cranes and 
transferred to the stockyard, there to 
be sorted and stacked by two semi- 
goliath travelling cranes. The steel 
was then dealt with by two straight- 
ening machines, the one with a cap- 

acity for straightening plates up to 57 

mm thick and the other capable of 

straightening angles 305 mm x 305 

mm x 32 mm. 
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A start is made on the wooden falsework to support the approach spans. 


After being handled by heavy 
shearing machines and cold saws for 
cutting to length, and planing mach- 
ines for planing to width, the larger 
of which had a travel of 20 m, the 
material was marked for drilling from 
the templates, which had already 
been prepared. This process required 
a high degree of skill and accuracy, 
for upon it depended the ultimate 
correctness of the fabrication. 

On completion of the drilling, riv- 
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_ The southern approach spans in place. 


eting and assembling, the ends of all 
members were carefully machined 
before ‘butting’ together for the 
reamering of the field joints. To 
ensure a perfect fit, all members con- 
necting together at the main truss 
joints were assembled in their re- 
spective positions on the floor of the 
shops, prior to their despatch for erec- 
tion, and lifts of upwards of 200 
tonnes were handled by the two 
shop-cranes operating in unison. At 
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all stages of the fabrication and erec- 

tion, checks were carefully made by 

instruments, particularly of the rela- 

tive positions of the members during 

the process of ‘butting together’.” 

Obviously, the role of the workshops 
was of fundamental importance to the 
success of the bridge project. While the 
erection of the thousands of “parts” of 
the bridge over the harbour is what the 
public saw and generally judged to be 
the main construction task, much credit 
must be given to the skill of the men in 
the workshops who undertook the fabri- 
cation of those parts. 


Arch Construction 


Techniques 

One major problem which 
confronted the contractors was how to 
erect the huge arch of the bridge with- 
out placing temporary supports in the 
harbour. Apart from being a hazard to 
shipping, such supports would have 
also been quite massive, expensive and 
difficult to place on the muddy bottom 
of the harbour. 

The solution was to build the arch in 
halves, holding each half back with 
steel cables firmly anchored in large 
horseshoe-shaped tunnels dug into 
rock. 
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Each of the 128 cables weighed 8.5 
tonnes, was some 366 m in length and 
was made up of 217 individual wires. 
The tunnels, which were 36 m long and 
sloped at 45 degrees, were placed be- 
tween the first and second piers of both 
approach spans. 

The cables were attached to the half 
arches by temporary "fish tail" shaped 
plates fitted to the end of the top 
chords. 


The Creeper Cranes 

After the approach spans had been 
erected and the abutment towers com- 
pleted to deck level, work commenced 
on the main arch. 

The early work involved the erection 
of the giant creeper cranes. These two 
cranes, one working each side of the 
harbour, were crucial units of equip- 
ment in the construction of the bridge. 

The cranes supplied by Wellman 
Smith and Owen Engineering Corpor- 
ation Ltd. of Great Britain, were de- 
signed specifically to travel along the 
top of the arch—erecting the bridge 
members before them as they went. As 
the cranes completed each section, they 
then moved forward on to that section 
to erect the next. 

Each electrically operated creeper 
crane weighed 580 tonnes and had a 
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The granite quarry at Moruya. 
lifting capacity of 123 tonnes. Apart 
from the main hoist, each crane was fit- 
ted with an auxiliary 20 tonne jigger 
hoist to help control the heavy bridge 
members as they were being pos- 
itioned. A five tonne walking crane op- 
erated across the front girder of the 
creeper crane to lift work cages. Two 2% 
tonne cranes were fitted to the back of 
the creeper crane carriage to assist in 
the riveting stages of construction. 

Initially, the cranes were assembled 
on temporary ramps constructed on the 
abutment towers. Once assembled the 
huge cranes were used to erect the first 
sections of the arch span. These sec- 
tions contained the largest and heaviest 
individual members to go into the con- 
struction of the bridge. 

Once the first sections were assem- 
bled in place, the cranes crept forward 
off the temporary ramps and on to the 
top of the first sections. From there, 
they erected the second sections before 
moving forward to place the third and 
subsequent sections. 

Because of their enormous weight 
and precarious position on the end of 
the half arches, it was important that the 
creeper cranes did not slip or cause sud- 
den jolts. For this reason the “creeper” 
mechanism was fitted with a special 
braking system. 
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Joining the Arch 

As soon as each unit of steelwork for 
the arch was fabricated in the work- 
shops, it was taken by barge to under- 
neath the creeper cranes, lifted high 
over the harbour, and manoeuvred into 
position. 


The erection of the arch began on 26 
October 1928 and construction moved 
ahead at a rapid pace. Indeed, the record 
was set on 26 November 1929, when a 
mammoth 589 tonnes of steelwork were 
erected in one day. By August 1930, the 
two half arches were ready to be joined. 


The northern half arch was com- 
pleted to the stage ready for joining on 
4 August 1930 and the southern half 
arch was ready three days later. The gap 
between these two giant arms was now 
only 1.07 m. 


The slow and careful slackening of - 
the cables commenced on 7 August and bh সত 
was to continue “around the clock" for — |. 
several days. On 13 August, before the | 
two mighty sections had been joined, E 
severe squalls hit Sydney. Many of the 
doubters, who since the start of con- 
struction had confidently predicted it 
would fall into the Harbour, thought 
their day of vindication had at last 
arrived. At 9.15 p.m. winds blowing at 
110 km/h from the north west were re- 
corded, bringing with them a dust 
storm and a sprinkle of rain. 

Mr. Lawrence Ennis, Director of Con- 
struction, described the view from the 
forward end of one arm, looking 
towards the other as both swayed in the 
wind, as an "impressive sight". Each 
arm weighed approximately 15,000 
tonnes and although the actual move- 
ment was quite small (barely 7.5 cm), it 
was nevertheless an awesome display of 
the forces of nature. It was an even more 
impressive achievement by the bridge 
designers and builders that such a force 
was handled "in its stride" by the in- 
complete structure, never once causing 
alarm to its creators. 

The slackening process continued 
and eventually, at 4.15 p.m. on 19 Au- 
gust 1930, the two halves touched for 
the first time. However, the contraction 
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The cables supporting the half arches were 
anchored into a horseshoe-shaped tunnel. 


October 1930 


of the cables and steelwork as the tem- 
perature dropped in the evening caused 
the gap to re-open. Finally at 10 p.m. the 
gap was closed again, permanently 
linking the north and south shores of 
Sydney Harbour. 

The next morning the Australian flag 
and the Union Jack were flown from the 
jibs of the creeper cranes to signal the 
success of the operation to the residents 
of Sydney. Vessels sounded their horns 
and ferry passengers cheered as they 
passed by what was now unquestion- 
ably a bridge. Every worker involved in 
releasing the cables was given a golden 
sovereign and everyone else working 
on the bridge was given a two shilling 
piece with which to drink a toast to the 
bridge. In addition, a half holiday for all 
bridge workers was declared. 


With the arch now joined, the cables 
were removed. As this connection of the 
two arms formed a third hinge at the 
apex of the arch, the next task was to 
complete the arch by filling in the "tri- 
angle" at the top. In doing this, the arch 
was converted from its temporary 
three-hinged status to its completed 
two-hinged form. 

The correct stressing of the top chord 
of the arch using hydraulic jacks was as 
important as the joining of the arch. The 
final arch members were placed and by 
early September everything was ready 
for the all-important stressing oper- 
ation. The effect of temperature on the 
steel has already been mentioned and 
so it was extremely fortunate that 8 
September 1930 was an overcast day 
with mild temperatures. More import- 
antly, the temperature was spread 
equally throughout the structure, as 
evidenced by 20 thermometers pos- 
itioned throughout the arch. 

The jacks forced the gap in the top 
chord apart with a force of 8,000 tonnes. 
This allowed steel spacing slabs to be 
inserted in the gap and then the jacks 
were removed. The arch was now con- 
verted to its two-hinged form and was 
complete, ready for the deck to be 
placed. 


DAWES POINT 


The Hangers and Deck 


The deck was erected from the centre 
outwards as the creeper cranes were 
already in the centre of the bridge and 
it was easier for them to erect the deck 
on the way back down the arch than to 
go down and back up again. 

The hangers were lifted into place 
using a specially designed cradle. The 
cradle enabled the hangers to be pos- 
itioned underneath the arch in positions 
not directly accessible to the crane lift- 
ing cables. 

The hangers vary in length from 58.8 
m in the centre of the arch to 7.3 m at 
each end. The hangers on either side of 
the bridge support the crossbeams 
which in turn carry the deck. 


A cross section of the deck shows the 
good design of the original plan. The 
railway lines were placed immediately 
each side of the western hangers, the 
tram lines (since replaced by the Cahill 


Li 


Expressway lanes) were placed on each 
side of the eastern hangers, the vehicle 
lanes were in the centre and the two 
footways (one since established as a 
cycleway) were on the extreme outside. 

The reason for this configuration is 
that the closer the heaviest loads are to 
the hanger then the lighter the cross 
beams can be. This not only saves 
weight in the crossbeams but reduces 
the total weight the bridge has to carry 
and hence reduces the total size and 
weight of the structure. 

The relative simplicity of the deck 
construction enabled rapid progress to 
be made so that all steelwork for the 
deck had been placed within nine 
months of the closing of the arch in Au- 
gust 1930. 


The Finishing Touches 
With the deck in place the two 

creeper cranes were dismantled by June 

1931. The last major tasks to be under- 


Early work on the arch clearly showing the supporting cables. 


February 1932 


MILSONS POINT 
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taken in early 1932 were the completion 
of the pylons above deck level and the 
surfacing of the deck using concrete 
topped with asphalt. 

The last rivet was driven by the fabri- 
cation workshops on 26 November 
1931, 10 days after the dismantling of 
the shops had commenced. The last 
rivet actually driven in the field was 
placed in the deck troughing after the 
removal of the timber towers suppor- 
ting the pylon cranes on 21 January 
1932, the last stone having been set in 
the north west pylon on 15 January 
1932. 

In February 1932, the bridge was test 
loaded. All four rail tracks were loaded 
with 72 steam locomotives placed 
buffer to buffer. Different loading con- 
figurations were tried by removing the 
engines from one side only or from one 
end. Instruments were used to measure 
the smallest deflection or movement in 
the bridge. 

After more than three weeks of tests, 
measurements and checks, the bridge 
was declared to have "passed with fly- 
ing colours" —conforming with every 
one of the designers' and builders' ex- 
pectations. 

With the completion of the overhead 
wiring, the first electric train crossed the 
bridge on 9 March 1932. For the record, 
the first steam train on the bridge was 
an S class locomotive on 19 January 
1932. 


Top: Locomotives parked buffer to 
buffer during test loading 
operations in February 1932. 


Centre: The arch closed, 20 August 
1930. 


Left: A deck cross beam is hoisted into 
place. 


The Official Opening 


A Day of Pride in 


an Era of Depression 

It is impossible to assess the signifi- 
cance of the construction and opening 
of the Sydney Harbour Bridge without 
some understanding of the social and 
economic climate of the time. 

Construction began in the midst of a 
boom with the ceremonial turning of 
the first sod in mid-1923. However, by 
1928 the Depression had set in and was 
to grow steadily worse over the ensuing 
years. The outlook for New South 
Wales (and indeed much of the world) 
was not to brighten until 1933. 

At its worst, the Depression gave 
New South Wales an unemployment 
rate of 32.596 which brought severe 
hardship to many families and helped 
to divide society. 

At the same time it was still also the 
period of the British Empire, and Aus- 
tralians felt very much part of that Em- 
pire. Indeed, it was only 30 years earlier 
that New South Wales had still been a 
British colony. 


Men and Money 

As the Depression worsened, the 
Harbour Bridge took on importance as 
a major supplier of jobs in those 
troubled years. An average of 1,400 
people was employed on the Bridge 
project during the eight years of con- 
struction. However, many more jobs 
were provided by the various sub- 
contracting companies which supplied 
everything from rivets to sand. 

At the time of the letting of the con- 
tract in 1924, legislation reduced work- 
ing hours from 48 to 44 per week. By 
September 1930, these hours had 
dropped to 35.2 hours per week per 
person. This allowed extra workers to 
be employed on the Bridge and ab- 
sorbed some of the unemployed. In Jan- 
uary 1931, the hours were further 
reduced to 33 hours per week per per- 
son. 

The contractors, Dorman Long and 
Co. Ltd., spent over £3,000,000 in Aus- 
tralia mainly in salaries and wages dur- 


ing the building of the Bridge. This was 
out of a total contract price of just over 
£4,200,000. With the other costs in- 
volved (which were not directly part of 
the major contract), the total construc- 
tion cost of the Bridge and approaches 
was approximately £6,250,000 (exclud- 
ing property acquisitions). This was a 
sizeable injection of money into a de- 
pressed economy, particularly at a time 
when the basic wage was only £3/10/8 
and the average wage was £4/6/10. 


Opening Ceremony and 


Pageant 

Against the background of stringent 
times, the community response to and 
involvement in the opening cel- 
ebrations on Saturday, 19 March 1932 
were quite remarkable. Few other 
events in New South Wales before or 
since have achieved such participation 
and such publicity both within and out- 
side the State. 


The ceremony commenced at 10 a.m. 
on the southern approach to the Bridge, 
opposite the Observatory. After an ap- 
propriate round of speeches, including 
the reading of a special message from 
King George V, the Premier, the Hon. J. 
T. Lang officially cut the ribbon, declar- 
ing the Bridge open. Then both he and 
the Governor of New South Wales, His 
Excellency Sir Philip Game, unveiled 
commemorative tablets. 

The official party was then driven to 
near the northern pylons, where a sec- 
ond ribbon was cut by the Mayor of 
North Sydney to signify entry into the 
Northern Suburbs. 

The opening proceedings were 
broadcast direct throughout Australia, 
as well as Great Britain and America, 
such was the significance of the oc- 
casion. The Governor-General, the 
Lieutenant-Governor and the Prime 
Minister were mong the high-ranking 
dignitaries present. 


The opening procession moves across the Bridge. 
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The ceremony was followed by a 
pageant in the form of a procession, two 
kilometres long, which covered a route 
of eight kilometres. The pageant pri- 
marily consisted of decorative floats— 
many horse-drawn- representing 
aspects of our history, trade, industry, 
agriculture, learning, etc. Marching 
contingents also participated, including 
aboriginals, school children, scouts, the 
Bridge workers, returned servicemen 
(from the Sudan Campaign to the First 
World War) and lady life savers. 

The opening day also featured a pro- 
cession of ships and boats, a display of 
speed launch manoeuvres and an aerial 
display by the Royal Australian Air 
Force. The evening saw a Venetian Car- 
nival on the Harbour as well as a spec- 
tacular fireworks display. Balls and 
dinners were also organised before, 
during and following 19 March. 

Sporting events arranged for the day 
included a sailing regatta, race meeting, 
surf carnival, athletic meeting, tennis 
exhibition and cricket match. Cel- 
ebration activities continued virtually 
unabated for two weeks. 

The opening day was (apart from 
Children's Day on 16 March 1932) the 
only time in the Bridge's history when 
pedestrians have not been confined to 
the footways. Vehicular traffic did not 
"take over" the main deck until mid- 
night on that day. 

Special souvenir tickets were issued 
to people crossing the Bridge by train 
and two post offices were set up (in the 
south east pylon and at the base óf the 
northern pylons) to issue the new com- 
memorative stamps and telegrams on 
specially printed forms. 

The opening ceremony and the entire 
range of associated activities were 
greeted and enjoyed with great enthusi- 
asm and patriotism. According to one 
report about one million people took 
part in the celebrations! It was very 
much an event worthy of the com- 
pletion of what was generally then re- 
garded as unquestionably the grandest 
bridge not only in the British Empire 
but in the whole world. 


The De Groot Incident 


While the opening was spectacular in 
every sense of the word, there was one 
minor incident which provided such 
controversy and amusement that it has 
since entered Australian folk-lore. An 
unknown Irishman, Francis De Groot, 
rode into history when he attempted to 
prevent Premier Lang from opening the 
bridge. 

De Groot had moved to Australia 
after World War I and, when Sydney 


solicitor Eric Campbell established an 
organisation known as the New Guard 
in 1931, De Groot became an active 
member. With the world starting to 
shake with reverberations of the Rus- 
sian Revolution 15 years earlier, some 
(including the New Guard) saw Lang’s 
schemes as communist inspired and 
moving along the road to revolution 
here in New South Wales. 

Because of their disagreement with 
and dislike for Premier Lang, the New 
Guard were dismayed when it was an- 


Top: Premier Jack Lang cuts the ribbon. 


Above: The first scheduled train to 
cross the Bridge. 


Opposite page: Crowds fill the bridge on 
opening day. 
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nounced that he was to officially open 
the Bridge. They believed that the only 
person to open a Bridge of such import- 
ance in the Empire should be a member 
of the Royal Family or the Governor. 
They immediately announced they 
would stop Lang from opening the 
Bridge. 

As the "big day" got closer, there 
were rumours that the New Guard was 
going to stage a coup, kidnap Lang or 
dump him in the harbour. What actu- 
ally happened turned out to be an anti- 
climax and did little more than provide 
amusement on the one hand, and dis- 
may on the other, among those in the 
nearby crowd. 

By riding behind the Governor- 
General's cavalry guard, De Groot man- 
aged to arrive at the ceremoney un- 
detected and take up the position quite 
close to where the ribbon would be 
stretched. In due course, as the official 
party approached, De Groot galloped 
forward and slashed the ribbon with his 
sword, declaring the Bridge open in the 
name of the "decent citizens of New 
South Wales". He was unceremoni- 
ously pulled from his horse by the 
police and taken to the Reception 
House, a psychiatric hospital. Some 
days later, after being declared sane, De 
Groot was fined the maximum penalty 
of £5, with £4 costs, for offensive behav- 
iour on Bradfield Highway, a public 
place. Charges of damaging a ribbon to 
the extent of £2, and of using threaten- 
ing words were dismissed. 

At the ceremony, the ribbon was hur- 
riedly tied back together and everything 
proceeded on schedule without further 
interruption. 


Above: Dr. Bradfield addresses the 
crowd during the opening ceremony. 


Centre: The parade! 
Left: Thousands of school children 


inspect the Bridge three days prior to 
opening day. 


Names Worth Noting 


Now to take a brief look at the main 
personalities and companies which 
brought the Bridge into being. 

Sydney Harbour Bridge was, of 
course, the culmination of both the in- 
dividual and combined intellectual ef- 
forts of many great minds, as well as the 
outstanding workmanship of many sur- 
veyors, draftsmen, engineers, riveters, 
steel workers, painters, stone masons, 
labourers and other tradesmen. 

Nevertheless, Dr. J. J. C. Bradfield, 
more than any other person, could be 
acknowledged as the "father" of Syd- 
ney Harbour Bridge. He provided the 
continuing enthusiasm, expertise and 
drive which ensured that the Bridge was 
pushed through from conception to 
completion—despite several changes of 
government and the objections of the 
"critics". 

Dr. John job Crew 
Bradfield (1867-1943) 


Bradfield was born at Sandgate, 
Queensland, on 26 December 1867. He 
was dux of Ipswich Grammar School, 
which he attended on a scholarship, and 
matriculated to the University of Syd- 
ney in 1886. 

He graduated Bachelor of Engineer- 
ing in 1889 winning the University Gold 
Medal and on the way gaining the Levy 
Scholarship for Chemistry, the Smith 
Prize for Physics, the Sulman Prize for 
Architecture and first-class honours 
throughout the course. After working 
as a draftsman with the Queensland 
Government Railways, Bradfield joined 
the New South Wales Department of 
Public Works in a similar position in 
1891. In 1896, he gained his Master of 
Engineering degree with first-class 
honours and won the University Medal. 

Bradfield progressed through the De- 
partment of Public Works to become its 
principal designing engineer. In July 
1912 he was appointed Chief Engineer 
of Sydney Harbour Bridge and Metro- 
politan Railway Construction and be- 
came responsible for the design of an 
electric railway system for Sydney and 
a bridge to connect the city with the 
north shore of the harbour. Plans for the 
metropolitan railway had already been 
well developed by his predecessors 
within the Department and, as already 


mentioned earlier in this brochure, 
there had been a number of of bridge 
and tunnel proposals over the years. 


Details of Bradfield's involvement in 
finalising the Bridge specifications be- 
tween 1913 and 1923 are also given 
earlier in this publication. 

In 1924 Bradfield received the first 
degree of Doctor of Science in Engin- 
eering awarded by the University of 
Sydney.It was gained for his thesis en- 
titled "The City and Suburban Electric 


Dr. John Job Crew Bradfield. 


Railways and the Sydney Harbour 
Bridge". Dr. Bradfield and his family 
lived in Park Avenue, Gordon and in 
1948 the local Commonwealth elector- 
ate was named Bradfield in his honour. 

With the continual support of a skil- 
ful team of draftsmen and engineers in 
the Department of Public Works—who 
should not go unrecognised—Dr. Brad- 
field checked and supervised all aspects 


“of the design and construction of the 


Bridge. At its opening, the Governor, 
Sir Philip Game, named the highway 
linking the city and northern suburbs 
via the Bridge the Bradfield Highway. 
Following his retirement from Public 
Service in 1933, he took up a position 
as a consulting engineer for the design 


and construction of the Story Bridge—a 
282 m long cantilever structure. This 
bridge over the Brisbane River was 
opened in 1940. He was also consulting 
engineer for the St. Lucia Bridge over 
the Brisbane River and technical adviser 
on the Hornibrook Highway. 

Bradfield was involved in the con- 
struction of the Cataract and Burrinjuck 
Dams in New South Wales and also de- 
vised a scheme to irrigate the inland 
areas of Queensland by damming the 
coastal rivers and piping their water 
through the Great Dividing Range. 
However, this scheme was never im- 
plemented. 

In 1942-43, just prior to his death in 
September 1943, Dr. Bradfield was 
Deputy Chancellor of the University of 
Sydney. He was buried in the cemetery 
at the rear of St. John's Church of 
England, Gordon, where he had been an 
active parishioner. 

Among his many achievements, 
Bradfield's most conspicuous and last- 
ing monument is the Sydney Harbour 
Bridge. Exceptionally brilliant, he 
matched his creative genius with a 
hardworking tenacity to pursue the ful- 
filment of his dream. The completion of 
the Bridge, in his own words, rep- 
resented "the attainment of an ambition 
and ideal" cherished throughout his 
whole official life. 


Mr. Lawrence Ennis O.B.E. 
(1872—1938) 


Mr. Lawrence Ennis was General 
Manager of Dorman Long and Co. Ltd. 
when tenders were initially called for 
the Sydney Harbour Bridge in Novem- 
ber 1921. Two British firms, Sir William 
Arrol and Co. Ltd. and the Cleveland 
Bridge and Engineering Co. Ltd., pro- 
posed to tender. However, when the 
managing director of the latter com- 
pany died, it was decided not to pro- 
ceed. 

Following discussions between Sir 
Arthur Dorman and Sir T. Hugh Bell, 
Vice-Chairmen of Dorman Long and 
Co. Ltd. and Mr. Ennis, it was decided 
to take over the work done by and for 
the Cleveland Bridge and Engineering 
Co. Ltd. and to submit several tenders 
based upon Mr. Ralph Freeman's de- 
signs. 


Ennis travelled to Sydney where de- 
tails of the tenders were finalised, with 
the assistance of the staff at Dorman 
Long’s Australian branches, and for- 
mally submitted to the Government. 
With the success of the tender, Ennis 
signed the contract on behalf of Dor- 
man Long and Co. Ltd. of which he was 
now Director. 

Ennis was subsequently appointed 
Director of Construction and through- 
out the duration of the contract, he was 
in Australia supervising the erection of 
the Bridge. During that time the re- 
sponsibility for fabrication and erection 
of the structure was on his shoulders. In 
addition, he supervised all the prelimi- 
nary organisation, such as the construc- 
tion and equipping of the fabrication 
workshops at Milsons Point. 

Generous in his praise of the capa- 
bilities and co-operation of Australian 
workmen, Ennis was himself a man of 
enormous energy, drive and confi- 
dence. It was he who manipulated the 
movements of steel and stone and 
skilled tradesmen for eight years to 
draw the Bridge out of the plans of the 
designers into the world of reality. 

In recognition of his achievements, 
Ennis was the first person to be given 
Honorary Membership of the Insti- 
tution of Engineers, Australia. In con- 
ferring the membership, the Institution 
"sought to give practical evidence of its 
appreciation of his personal qualities 
and engineering skill". 


Sir Ralph Freeman 
(1880-1950) 

Prior to his association with Dorman 
Long and Co. Ltd., Mr. (later Sir) Ralph 
Freeman was consulting engineer to the 
Cleveland Bridge and Engineering Co. 
Ltd. and had been engaged for some 
years on the calculation and production 
of designs for a bridge over Sydney 
Harbour. 

When that company withdrew from 
the tendering process and Dorman 
Long and Co. Ltd. stepped in to "fill the 
breach", Freeman consented to act for 
them. He prepared seven separate de- 
signs (including the winning design), 
which were presented as tenders by 
Dorman Long and Co. Ltd. A colleague 
of Freeman, Mr. G. C. Imbault, was re- 
sponsible for devising the erection 
schemes to be followed for each of the 
designs. 

Using the quantities furnished by 
Freeman and the classes of steel selec- 
ted by him, Dorman Long and Co. Ltd.'s 
estimates of cost were prepared for 
their tenders. 

At the time of his work on the design 
of the Sydney Harbour Bridge, Freeman 
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was senior partner of Sir Douglas Fox 
and Partners, a consulting engineering 
firm that he had joined early in his ca- 
reer. The firm later changed its name to 
Freeman, Fox and Partners. Other 
works Sir Ralp Freeman was associated 
with include the Victoria Falls Bridge 
over the Zambesi River in southern Af- 
rica and the Furness Shipbuilding Yard 
in the United Kingdom. 


Like Bradfield, Freeman developed 
his ideas for a Sydney Harbour Bridge 
over a number of years and proposed a 
range of possibilities. The successful 
completion of the closing of the arch 
and other intricate construction pro- 
cedures, using units of a size never 
attempted before, reflect the meticulous 
attention to detail taken in his final de- 
sign. 


The Contractor 

Dorman Long and Co. Ltd. 
of Middlesbrough, 
England 


In 1876, Mr. Arthur John Dorman 
and Mr. Albert de Lande Long entered 
into a partnership to take over a small 
ironworks at Middlesbrough-on-Tees, 
England. The new firm, Dorman Long 
and Co., was destined to become, in a 
relatively short time, the largest iron 
and steel works in the British Empire as 
well as a very significant construction 
firm. 

By a series of incorporations, includ- 
ing Bell Brothers Limited (headed by Sir 
T. Hugh Bell) and Bolckow Vaughan 
and Co. Ltd. (headed by the Hon. 
Roland Kitson), Dorman Long and Co. 
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Dr. Bradfield and Mr. Ennis showing friends over the Bridge, September 1931. 
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Mr. Ennis, Dr. Bradfield and Mr. Hipwell (of Dorman Long) inspect the gap between 
the two half-arches shortly before the final closure operations. 


Ltd. had grown to be a world-wide com- 
pany employing some 50,000 people by 
the 1930s. The company had control of 
its products from the mines to the fin- 
ished structures. 

In 1897 the company opened con- 
struction shops in Melbourne thus es- 
tablishing an Australian branch. 
Twenty five years later construction 
shops also opened in Sydney. 

When tenders were called for the 
Sydney Harbour Bridge in 1923, Dor- 
man Long and Co. Ltd. were unique in 
that they alone among the tenderers 
provided for the whole of the fabri- 
cation to be carried out in Australia. 
This allowed for the greatest use of 
Australian labour, materials and sup- 
plies. 

In conjunction with their Consulting 
Engineer, Mr. Ralph Freeman of Sir 
Douglas Fox and Partners and their 
Consulting Architects, Sir John Burnet 
and Partners, the company prepared 
and submitted seven tenders, as fol- 
lows: 

Al Arch bridge without pylons but 

with piers faced with granite. 

Arch bridge with pylons faced with 

precast concrete blocks. 

Arch bridge with pylons faced with 

granite 

B1 Cantilever-arch bridge without 
pylons 

B2 Cantilever-arch bridge with pylons 
faced with precast concrete blocks 

C1 Cantilever bridge with piers faced 
with granite 

C2 Cantilever bridge with piers faced 
with precast concrete blocks. 

Design number A3 was chosen as the 
successful tender for both its aesthetic 
and engineering qualities. The advan- 
tages to the firm of winning the tender 
were numerous, but not the least was to 


A2 


A3 


conclusively establish their reputation 
as a bridge builder of distinction. The 
order for 40,000 tonnes of steel also en- 
abled the company to keep its rolling 
mills in England operating efficiently. 

Dorman Long and Co. Ltd. had 
earned a reasonable reputation as a con- 
struction firm both with bridges and for 
supplying the steelwork of many major 
buildings. At the time of the Sydney 
Harbour Bridge opening, Dorman Long 
and Co. Ltd. had completed or was 
working on the Tyne Bridge at New- 
castle, England (of similar arch design 
but much smaller), the Tees Bridge at 
Middlesbrough, England, the 
Khartoum-Omdurman Bridge over the 
Nile River, the Limpopo Bridge in Rho- 
desia and the Bangkok Memorial 
Bridge in Thailand, among many 
others. 

In recent years, the company, now 
known as Redpath Dorman Long, has 
become a wholly owned subsidiary of 
the British Steel Corporation and has 
maintained the reputation of its prede- 
cessors. Recent projects the company 
has been involved with include the 850m 
long Westgate Bridge in Melbourne, 
Sydney Tower, the 1397 m long 
Humber Suspension Bridge in England 
(world’s longest clear bridge span) and 
the 13.9 km long Rio-Niteroi Bridge 
near Rio De Janeiro in Brazil. 


Four Sub-Contractors 
Wellman, Smith and Owen 
Engineering Corporation 
Ltd. of London 

Wellman, Smith and Owen Engin- 
eering Corporation Ltd. are best re- 
membered as the makers of the two 
giant creeper cranes which played such 
a dominant and important role in the 
Bridge construction. 


However, these cranes were only part 
of that firm’s contribution. Other cranes 
supplied included two large 120 tonne 
travelling cranes installed in the Mil- 
sons Point workshops. As some bridge 
members weighed 200 tonnes, it was 
sometimes necessary to use both cranes 
in unison. Two other auxiliary cranes of 
50 and 25 tonnes were also supplied, 
while a small five tonne double grab 
overhead travelling crane was used to 
carry the steel from the stockyard into 
the "light" fabrication shop. 


McPhersons Pty. Ltd. 


of Melbourne 

The Sydney Harbour Bridge is held 
together by rivets only. There are no 
welded or bolted joints essential to the 
main structure. 

There are approximately 6 million 
rivets in the Bridge adding a total of ap- 
proximately 3,200 tonnes to the weight. 
The largest rivet is 371 mm long by 36 
mm in diameter and it was at the time 
the largest rivet ever used in a steel 
structure. The smallest rivet is 32 mm 
long and 17 mm in diameter. 

McPhersons Pty. Ltd. supplied all the 
rivets for the Bridge under contract to 
Dorman Long and Co. Ltd. To ensure 
the rivets would withstand the loads on 
them, a system of quality control was 
established. Two or three rivets were 
chosen at random from each batch and 
tested to the recommended levels. All 
of the rivets were manufactured in Aus- 
tralia. 


Broken Hill Pty. Co. Ltd. 
of Newcastle and 
Australian Iron and Steel 
Ltd. of Port Kembla 

One of the conditions of the tenders 
was that as much as possible of the 
materials should be supplied by local 
firms. The silicon steel needed for the 
arch could only be rolled overseas. 
However, much of the mild or carbon 
steel used in the approaches and in the 
deck was produced locally. 

Broken Hill Pty. Co. Ltd. supplied 
10,500 tonnes of steel from its New- 
castle plant. This was one-fifth of all the 
steel used in the Bridge. The steel in- 
cluded rods, squares, angle and flat sec- 
tions which were delivered to the 
Milsons Point workshops. Here, mixed 
with material from England, they lost 
their identity and are incorporated with 
the larger units throughout the struc- 
ture. 

Australian Iron and Steel Ltd. sup- 
plied a further 3,500 tonnes of steel 
from its Port Kembla works. This 
brought the total to 14,000 tonnes of 
Australian steel. 
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Conversion of Tramways 

As a result of the State Government's 
decision in the late 1950s to phase out 
trams in favour of buses, the two tram 
lines on the eastern side of the bridge 
were converted to road lanes. 

Work commenced in June 1958 and 
involved replacing the tram tracks with 
a deck suitable for vehicular traffic. On 
the northern approaches, the tram 
station and bridge at Milsons Point 
were removed and a new roadway was 
constructed along the former tram ap- 
proach to the bridge. 

At the southern end, a ramp was con- 
structed to carry traffic over the en- 
trances to the old tram tunnels that lead 
to Wynyard Station. A bridge was also 
constructed over the westbound traffic 
lanes of the Cahill Expressway. 

The two additional traffic lanes were 
officially opened on 2 July 1959 by the 
then Minister for Local Government 
and Highways, Hon. J. B. Renshaw, 
M.L.A. 


Cahill Expressway 

The Cahill Expressway was also 
under construction at this time. The 
first section from the bridge over Circu- 
lar Quay to Conservatorium Place was 
officially opened on 24 March 1958. This 
1.1 km section was constructed jointly 
by the Council of the City of Sydney 
and the then Department of Railways. 


This section principally comprises 
the roadway above the railway at Circu- 
lar Quay. The roadway is supported on 
steel columns and girders. 

The second section, one kilometre 
long, runs from Conservatorium Place 
to Sir John Young Crescent, Woolloo- 
mooloo, and was officially opened on 1 
March 1962. 

The Council of the City of Sydney 
designed and constructed this length. A 
feature is the 396 m long tunnel under 
the Royal Botanic Gardens. The tunnel 
is equipped with fan rooms to ensure 
adequate ventilation. 

Total cost for the two sections of 
expressway was approximately 
£8,400,000 of which 5096 was financed 
from Sydney Harbour Bridge Funds. 


Warringah Freeway 

A second major extension to the 
Bridge approaches was the opening of 
the first section of the Warringah Free- 
way by Sir Roden Cutler, Governor of 
New South Wales on 18 June 1968. 

The Freeway, originally 2.4 km long, 
extended from the northern end of the 
Bridge to Miller Street, Cammeray. It is 


a major work, providing for eight lanes 


of traffic. The design permits the centre 
lanes to be reversed so that during peak 
periods a 6-2 lane configuration can be 
used. In off peak periods, however, the 
usual four lanes each way apply. 


Preliminary construction commen- 
ced in July 1964 and the main construc- 
tion work commenced 10 months later. 
Five overbridges were constructed to 
take cross traffic over the Freeway and 
a footbridge also crosses the Freeway at 
Ridge Street. 

A 1.4 km extension of the Freeway 
was opened on 19 September 1978. 
This extension to Willoughby Road, 
Naremburn included another three 
bridges on and over the Freeway as well 
as another pedestrian overbridge. 

The cost of the first stage of the Free- 
way from the Bridge to Miller Street, 
North Sydney, approximately $26.5 
million, was financed from Sydney 
Harbour Bridge Funds. 


Western Distributor 

A new southern approach to the 
Bridge became available to motorists 
with the opening of the Western Dis- 
tributor in September 1972. 

The Distributor provides access to 
the Bridge for traffic coming from Syd- 
ney's western and southern suburbs 
without the need to pass through the 
crowded city centre. It also assists 
motorists travelling in the opposite di- 
rection. 

The cost of the Distributor was ap- 
proximately $9.5 million of which 40% 
was for property acquisitions. 


The northern approaches to the Bridge showing the old tram station (on left). 
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Maintenance 


The Sydney Harbour Bridge like any 
new purchase came with what was vir- 
tually a guarantee. The "warranty" 
period, lasting six months, commenced 
on 15 March 1932. During that time the 
contractors were responsible for the 
care and maintenance of the Bridge. 


On 9 September 1932, the warranty 
period ended and the Department of 
Main Roads assumed full responsibility 
for the maintenance of the Bridge (ex- 
cept for the areas occupied by the rail 
and tram tracks). With the conversion 
of the tramway to roadway in 1958 the 
Department also assumed responsi- 
bility for this area as well. 

The Department of Main Roads now 
carries out the maintenance of all steel- 
work on the Bridge including that above 
and below the railway tracks. In the 
area of the railway tracks, a proportion 
of this cost is met by the State Rail 
Authority. The State Rail Authority 
also maintains with its own forces the 
tracks, sleepers, overhead wires, sig- 
nalling system and the portion of the 
timber deck within the railway 
clearance. 


With the right care and attention, the 
Bridge has an indefinite life. However, 
being a steel structure it is affected by 
the sea air which induces rust, and con- 
tinual surveillance is necessary. 


The main problem for those involved 
in maintaining the Bridge is one of ac- 
cess. Because of its height, unconven- 
tional shape, complex truss work and 
tight angles, the Bridge has many areas 
that can only be reached with intricate 
arrangements of ropes and slings. 


The constant flow of traffic (rail, 
road, pedestrian and maritime) both 
across and under the Bridge also places 
severe restrictions on maintenance. Ve- 
hicle lanes can only be blocked in 
exceptional circumstances. With the 
heights involved and the constant flow 
of vehicles and people on the deck and 
vessels in the harbour below, stringent 
safety precautions are implemented to 
prevent any materials or equipment 
falling from the Bridge. 
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A variety of tradespeople is needed to 
help maintain the Bridge in good order, 
including ironworkers, boilermakers, 
fitters, electricians, plasterers, car- 
penters, plumbers, riggers and painters. 
Approximately 30,000 litres of paint are 
required to give the bridge one coat. 
The area of the steelwork to be painted 
is 485,000 square metres (this is equiv- 
alent in area to 60 soccer fields). 

The paint used is a micaceous iron 
oxide, formulated to provide maximum 
protection against rust. Although the 
paint was originally mixed at the Bridge 
workshops it is now obtained from a 
commercial supplier, as is the red 
primer. 

Besides cleaning, descaling and 
painting, the steelwork maintenance 
also includes regular inspections of riv- 
eted connections. To date no rivets have 
had to be replaced. There are also 100 
sliding bearings at expansion joints to 
be maintained. 

To assist with this work a total of 11 
cranes and gantries operate on various 
sections of the Bridge. The four travel- 
ling cranes on the top chord of the arch 
and the main span travelling gantry on 
the underside of the deck are electri- 
cally operated. 

Safety for both the employees and 
the public is the prime concern in all 
maintenance operations. As the Bridge 
is prone to very high winds, located as 
it is across the Harbour valley, it is up 
to the discretion of each employee to 
decide whether conditions are too 
dangerous to work in. There are only 
about 25 days a year of extreme winds 
or rain which prevent any work being 
carried out on the steelwork. On these 
occasions, "indoor" maintenance on 
rigging or in the workshops is under- 
taken. The workshops are located in the 
base of the southern pylons. 

The cost of maintaining the Bridge 
varies slightly from year to year, but is 
currently over $2 million a year. 


Tow Truck Service 
To keep traffic flowing freely at all 


times, the Department of Main Roads 
operates a 24 hour tow truck service to 


quickly remove broken-down vehicles 
from the traffic lanes. This free service 
operates on both the Bridge and its ap- 
proaches. 

Over 4,000 vehicles are removed 
from the Bridge annually, of which 
more than a quarter have simply run 
out of petrol. 

To assist with the free flow of traffic 
a closed circuit television system was 
installed on the Bridge and its ap- 
proaches in 1979. The system, linked 
into the Sydney Co-ordinated Adaptive 
Traffic System, is continually moni- 
tored both in the Department's Traffic 
Control and Emergency Centre and at 
the Bridge Traffic Control Office, 
where broken-down vehicles are usu- 
ally spotted and tow trucks notified 
within two or three minutes. 


Driver Aid Scheme 


To further improve traffic flow across 
the Bridge, a Driver Aid Scheme is 
being progressively installed. The 
Scheme, principally an automatic lane 
changing system, will allow rapid re- 
sponses to changing traffic situations, 
particularly in the ebb and flow of peak 
hour traffic. 

The television system was the first 
part of this Scheme. Overall the Scheme 
will include remote-controlled movable 
medians, embedded and overhead lane 
indicators, variable message signs and 
improved fixed destination signposting. 
All these facilities will be activated by 
a central computer under continuous 
surveillance. 

Overall traffic capacity will be in- 
creased and additional benefits, such as 
improved lane delineation, safety of op- 
eration and more accurate signposting 
for motorists, will result. 

The resurfacing of the deck, which is 
carried out at 12 or 15 year intervals, can 
cause large scale disruption to traffic. 
For this reason such works are generally 
carried out between 11 p.m. and 5 a.m. 
Even then, however, due to the crucial 
link which the Bridge provides, the De- 
partment still receives complaints if 
delays are at all lengthy. 


Facts at a Glance 


Toll Collection 


The original Bridge tolls charged in 1932 were: 
Motor cars and motor cycles with 


sidecar 6 pence 
Bicycles, tricycles and motor cycles 3 pence 
Sulkies, buggies and hand carts 3 pence 
Vans, lorries, drays, waggons under 

2 tons 1 shilling 
Vans, lorries, drays, waggons 2 to 

3 tons 2 shillings 
Other vehicles 3 shillings 
Passengers Adults 3 pence each 

Children 1 penny each 

Horse and rider 3 pence 
Horses or cattle (as loose stock) 2 pence per head 
Sheep or pigs 1 penny per head 


A flat rate single coin toll for each class of vehicle travel- 
ling in either direction was introduced on 4 April 1960. Toll 
registration equipment was first used on Sydney Harbour 
Bridge on 2 January 1962 and replaced a system based on 
the sale of tickets, which had been in force since the bridge 
was opened. 

One-way toll collection on Sydney Harbour Bridge came 
into operation on Sunday 5 July 1970. Some automatic toll 
collection units and movable toll booths were also installed 
at this time. 

In 1932 the average daily toll receipts were $399, whereas 
in 1980 these had risen to $15,583. Currently about 80% of 
the tolls collected is used for Bridge maintenance and to 
provide facilities to assist drivers. 

As required by the State Treasury, a specified amount 
from the toll receipts is paid each year into a "sinking fund" 
from which is repaid the various loans raised for the build- 
ing of the Bridge and the extension of its immediate ap- 
proaches. 


Traffic Statistics 


In June 1976, the 1,000 millionth vehicle crossed the Syd- 
ney Harbour Bridge. The first 500 million crossings took 
over 33 years while the second 500 million took less than 
11 years. 

In 1932 the annual average daily traffic volume (in both 
directions) was about 10,900. In 1943 with a wartime short- 
age of vehicles and petrol rationing, there was a drop in traf- 
fic to about 8,600 vehicles a day. 

Average daily traffic flow has since grown to 32,000 ve- 
hicles in 1950, 75,000 in 1960, 128,000 in 1970 and almost 
159,000 in 1980. 

In 1980 the average morning peak hour traffic volume (in 
both directions) was 13,780—that is, almost four vehicles 
each second—and far more than the average daily volume 
in 1932. 

In 1932-33, a total number of 3,980,000 motor vehicles 
crossed the Sydney Harbour Bridge (in the first full year of 
its operation). 

Vehicular crossings during 1980 totalled 57,980,250 of 
which 29,736,550 were northbound and 28,243,700 south- 
bound. 

On average one vehicle crossed the Sydney Harbour 
Bridge every five-tenths of a second throughout 1980. 
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Placing the last stone on the pylons, 15 January 1932. 
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One of the four main bearings—capable of bearing a load of 
approximately 20,000 tonnes. 


Technical Details 

Length of arch span: 503 metres 

Height of top of arch: 134 metres above mean sea level 
Height to top of aircraft beacon: 141 metres above mean sea 
level 

Width of deck: 49 metres 

Clearance for shipping: 49 metres 

Height of pylons: 89 metres above mean sea level 

Base of each abutment tower: 68 metres across and 49 metres 
long (two pylons rest on each abutment tower) 

Total length of bridge: 1149 metres including approach spans 
Bearing pins: each of the four pins measures 4.2 metres long 
and 368 millimetres in diameter 

Thrust on bearings: under maximum load approximately 
20,000 tonnes on each bearing 

Number of rivets: approximately 6,000,000 

Largest rivet: weighed 3.5 kilograms and was 395 millimetres 
long 

Longest hanger: 58.8 metres 

Shortest hanger: 7.3 metres 

Total weight of steelwork: 52,800 tonnes including arch and 
mild steel approach spans 

Weight of arch: 39,000 tonnes 

Rock excavated for foundations: 122,000 cubic metres 
Concrete used for bridge: 95,000 cubic metres 

Granite facing on pylons and piers: 17,000 cubic metres 
Allowance for deck expansion: 420 millimetres 

Allowance for arch expansion: the arch may rise or fall 18 
centimetres due to heating or cooling 

Number of panels in arch: 28, each 18.28 metres wide 

Record tonnage erected: 589 tonnes of steelwork was erected 
on the arch in one day on 26 November 1929 

Paint required: 272,000 litres of paint were required to give the 
Bridge its initial three coats 


Costs of the Bridge to 30 June 1933 
Payments to contractors, Messrs. Dorman 


Long and Co. Ltd. £4,810,516 

Interest and exchange on loan expenditure 

during construction 1,494,988 

Expenditure by Public Works Department on 

bridge and approaches 2,321,430 

Acquisition of land 1,339,028 

Lavender Bay railway station and minor 

works 91,208 
Total £10,057,170 


Other Information 

The cables used to hold back the half-arches during con- 
struction of Sydney Harbour Bridge were subsequently 
used in building the Indooroopilly Bridge in Brisbane and 
the Birchenough Bridge in South Africa. The Indooroopilly 
Bridge, opened in 1936, is a suspension bridge which uses 
the cables as its main supports. The Birchenough Bridge is 
an arch bridge which used the cables initially to hold back 
the structure and then as the hangers for the deck. 

The Sydney Harbour Bridge is spotlighted only on the 
eastern side because bright lights on the western side would 
interfere with the important work of the Sydney Observ- 
atory. The Observatory is located on the western side of the 
Bridge next to the southern approaches. 


The deck under construction. 


Nearing completion. 


Sixteen workmen lost their lives while working on the 
construction of the Bridge, and a plaque on the southern ap- 
proaches records their names. The Bridge gained some no- 
toriety in its early years as a convenient place from which 
to suicide by jumping into the harbour. One commentator 
suggested that candidates "draw the shortest straw" for the 
privilege of jumping from the top chord and be given a 
rousing send-off with lots of publicity and festivities. Such 
a humorous approach may have helped a few worried hearts 
to cheer up and change their minds, but a more specific 
deterrent came later with the erection of a high "anti- 
suicide" fence along the outer edge of the footways. 

The Bridge is painted grey because it is the closest colour 
to the natural colour of steel. It is also a very practical colour 
which does not show up the dirt and dust which settles on 
the steelwork. In the unlikely event that a consensus could 
be achieved on a new colour, it would take years for the 
Bridge to be completely repainted. 
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Dates of Interest 


28 July 1923 


24 March 1924 


28 July 1924 


5 January 1925 


26 March 1925 


September 1926 
26 October 1928 
26 October 1928 
7 November 1928 


May 1928 


26 November 1929 
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The ceremony of the "Turning of the 
First Sod" was performed by the 
Hon. R. T. Ball, M.L.A., at North 
Sydney. 

The tender of Dorman Long and 
Co. Ltd. of Middlesbrough, England, 
was accepted (at a price of 
£4,217,721/19/10!). 

The tramway was diverted from 
Alfred Street along Dind Street to 
Glen Street and the complete trans- 
fer of traffic from Milsons Point 
Station to the new station, involving 
railway and ferry change over, tram- 
way deviation, street widening and 
incidental works, was successfully 
completed (at right). 

The excavations for the foundations 
of the main bearing and approach 
span piers were commenced. 
Foundation stones of the southern 
abutment tower at Dawes Point were 
set by His Excellency, Sir Dudley De 
Chair, K.C.B., M.V.O., Governor of 
New South Wales and the Hon. R. T. 
Ball, M.L.A., Secretary for Public 
Works and Minister for Railways. 
The erection of the approach spans 
steelwork was commenced. 

The western truss at Dawes Point 
was placed in position. 

The erection of the main arch was 
commenced. 

The eastern truss at Dawes Point was 
placed in position. 

The electrification of the Hornsby/ 
Milsons Point railway line was com- 
pleted. 

Erection of record tonnage of 589 
tonnes in one day. 


19 August 1930 


10 September 1930 
March/ April 1931 
16 January 1932 


28 February 1932 


15 March 1932 


19 March 1932 


9 September 1932 


29 June 1958 


2 July 1959 


13 July 1966 


5 July 1970 


The arch was closed, the two half- 
arches were permanently linked. 
The arch trusses were completed. 
The deck was completed. 

The last stone was set in the upper 
parapet of the last pylon. 

The Town Hall and Wynyard Under- 
ground Railway Stations were open- 
ed. 

The Minister for Public Works (Hon. 
M. A. Davidson), on behalf of the 
Government, took over the bridge 
from Dorman Long and Co. Ltd. 
The bridge was declared open for 
traffic by the Hon. John T. Lang, 
M.L.A., Premier and Colonial 
Treasurer for New South Wales. A 
special pageant and a variety of cel- 
ebrations and festivities followed. 
Sydney Harbour Bridge (with excep- 
tion of areas occupied by rail and 
tram tracks) was handed over to the 
Department of Main Roads. 

Trams were replaced by buses and 
the area previously maintained by 
the then Department of Government 
Transport was handed over to De- 
partment of Main Roads to convert it 
to road use. 

Two additional traffic lanes on the 
eastern side of the bridge were de- 
clared open by the Hon. J. B. 
Renshaw, M.L.A., Minister for Local 
Government and Minister for High- 
ways. 

The restriction on lane-changing was 
abolished (by the Cabinet Standing 
Committee on Road Safety) and 
from this day, motorists crossing the 
Bridge could change lanes at any 
time. 

One-way toll collection introduced. 


The toll booths during the 1930s. Today, on average, two vehicles a second cross the Bridge. 
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New South Wales 


Issued free by the Commissioner for Main 
Roads on the occasion of the 50th Anniversary 
of the opening of the Sydney Harbour Bridge 
on 19th March, 1932. 

March, 1982. 
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